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The radiative A — > 7A'^ transition is examined at the real photon point = 
using the framework of light-cone QCD sum rules. In particular, we determine 
' the sum rules for the transition form factors Gm(0) and Rem up to twist 4. 
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CO . 1. Introduction 

00 

' In this talk wc present a light-cone sum rule (LCSR) calculation for the 

A^7A transition form factors at = 0. The form factors are by themselves 
' interesting quantities as they contain information on the baryon structure. 

. Especially, it is known that a non-vanishing electromagnetic quadrupole 

transition form factor Ge{0) indicates a deformation of the nucleon-A sys- 
tem ^. Therefore, the A^7A transition has been studied extensively by both 
experimentalists and theorists 



5h ' Our calculation is primarily motivated by the fact that an early SVZ sum 



rule-based examination of the transition did not yield a definite result 
Moerover, a recent light-cone sum rule calculation^'' based on nucleon dis- 
tribution amplitudes (DAs) shows a notable deviation of the magnetic 
dipole form factor Gm(Q^) for 1 GeV^ < < 2 GeV^ from experi- 
ment, see Fig.l, while this approach works perfectly for the nucleon elec- 
tromagnetic form factors ^pj^^ reason for this discrepancy is not yet 
understood and the presented analysis is a first step towards a better un- 
derstanding. Different LCSR analyses of the iV7A transition at = can 
be found in and, as part of a more general analysis, in 
In the following, we will give a short introduction to LCSR calculations 
with photon DAs using the example of the proton magnetic moment and 
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present the results for the form factors of the A^7A transitfon at = 0. 



1 . 2 
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Fig. 1. LCSRs for the 7*Af — > A transition form factor GM{Q^)/{3GDipolG) vs. 
from [17]. The different lines correspond to different shapes of the nuclcon distribution 
ampUtude. For references to the experimental data see [17]. 

2. Light-cone sum rules for form factors 

The starting point for the LCSR approach at = is a correlation func- 
tion of the form 

n{p,q)^t' Jd'x Jd^ye^P^+^^y{0\TW{x)j^^iy)m}\0)ei^^ , (1) 

which describes the transition of a baryon B{p + q) to a baryon B'ijp) 
by an interaction with the electromagnetic current jl^^{y) (e^'^'' is the 4- 
polarization vector of the photon) . The baryons are created by three-quark 
currents rj' and 77, respectively. 

For simplicity, we will consider the explicit example of the magnetic 
moment of protons, which has been considered e.g. in The interpolating 
fields 77 and rj' are replaced by the loffe-current for the proton 

moffe(x) = {u-{x)C^^u\x)) 757Ad^(x)e'^'^ (2) 

and the electromagnetic current can be written in the from 

Jem (2/) = edd{y)j,,d{y) + euu{y)j,,u{y). (3) 

The standard strategy of the light-cone sum rule approach involves the 
calculation of the correlation function (2) in two different regimes: 
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• on the hadron level the correlator is expressed in terms of form 
factor (in case of the proton the Dirac and Pauli form factors Fi 
and F2) 

• on the level of quarks the correlation function is expanded in terms 
of photon distribution amplitudes of definite twist. 

As the interpolating field 77 has non- vanishing overlap with states of higher 
mass, whose quantum numbers coincide with those of the current 77, Eq.(2) 
contains contribution of all these states. After equating both hadronic and 
quark representation a Borel transformation can be employed to suppress 
the higher mass states exponentially. As the momenta p and p + q are inde- 
pendent, it is possible to perform a so-called double Borel transformation 
and introduce two Borel parameters Mi and M2, corresponding to p and 
p + q. Introducing a model for the excited states and the continuum one can 
subtract these contributions from both sides and express the form factors 
via the photon distribution amplitudes^, which arc known up to twist 4 
Besides the dependence on Mi and M2 the form factors are also functions 
of the continuum subtraction threshold Sq. 
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Fig, 2, Magnetic moment of the proton fip vs. Borelparameter t = (M^ + A/|)/Afj Af| 
for different central values of the photon wave function ip{l/2) (Plot from [29]), The solid 
line is obtained by the choice of an asymptotic shape and a magnetic susceptibility of 
the quark condensate of x(m = IGeV^) = 3,15 ± 0,3GeV~^ [26], The hatched (orange) 
line represents the experimental value . 



The process p — > P7 is inherently symmetric in the initial and final 



''The distribution amplitudes are non-perturbative in nature and can be accessed e.g. 
via QCD sum rule estimates^^'^^ , LCSRs or lattice calculations. 
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hadron state. Therefore, it is natural to choose both Borel parameters equal: 
Ml = M|. With this choice the leading- twist photon wave function at 
the middle point (p{l/2), see e.g. ^4,28^ jg main non-perturbative input 
parameter. The result for the magnetic moment of the proton for different 
values of (p(l/2) is shown in Fig. 2. The agreement with experiment is very 
good. 

3. Nucleon-A-transition 

The radiative A — > iV decay can also be described by the correlation func- 
tion (2), the current rj' has to be replaced by 

rj^(x) = [{u''ix)C-f''u\x)) d%x) + 2 (u"(x)C7^d''(x)) u%x)] e"'"' . (4) 

Compared to the standard approach presented in the previous section, sev- 
eral subtleties have to be taken into account. First and foremost, the inter- 
polating field (4) is known to have non- vanishing overlap with states of spin 
1/2 and negative parity, these have to be removed "by hand" by a specific 
choice of the Lorentz basis before the continuum subtraction is performed, 
see e.g. for two possible choices. Furthermore, it has been argued that 
a symmetric choice of the two Borel parameters, = Af|, is not optimal. 
In order to take into account the mass difference of 300 MeV between the 
nucleon and the A the choice of M^/Ml — mj^/m'ff is advantageous. This 
strategy was advocated in ■^^ . 
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Fig. 3. Light-cone sum rules for the A'7A transition form factors (left panel: Gi\/(0) vs. 
t ; right panel: Rem vs. t) in each case obtained from two different Lorentz structures. 
The experimental value is given by the hatched region. 

The result for the magnetic dipole form factor Gm(0) is shown in the 
left panel of Fig. 3. The two solid lines correspond to two different sum 
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rules that stem from different Lorentz structures. Within errors, the sum 
rule prediction 

Gm(0) = 2.70 ±0.27 (5) 

agrees well with the experimental value of Gm(0) = 3.03 ± 0.03 ^, which is 
displayed by the hatched region. The right panel in Fig. 3 shows the ratio 
of the electric quadrupole form factor Ge{0) and the magnetic dipole form 
factor Gm(0), Rem ■= Ge(0)/Gm{0)- The solid lines again correspond to 
sum rules for different Lorentz structures. Although the upper line seems 
to agree very well with the value of Rem = —2.5 ± 0.4% given by PDG 
this is actually misleading. Not every structure is suitable for a sum rule 
and, indeed, the lower line, which yields 

i?£;M(0) = -(6.4±0.8)% (6) 

corresponds to the more "trustworthy" sum rule This is further sup- 
ported by its marginal dependence on the unphysical Borel parameter 
t = (Mf + M2)/MfM2. Our result agrees with experiment only within 
a factor 2, however, it slioiikl be pointed out that the smallness of Rem is 
largely due to cancellations. The quantity is therefore intrinsically difficult 
to access via a sum rule. 



4. Conclusions 

Photon distribution amplitudes provide an intriguing device to treat radia- 
tive decays within the method of LCSRs and allow the determination of 
transition from factors at = 0, which are usually not accessible when 
using baryon distribution amplitudes. Our result for Hp is in very good 
agreement with experiment and lends further support to this method. 
Gm(0) is rather close to the corresponding experimental value. While this 
is desirable, it does not shed much light on the peculiar behavior of LCSR 
predictions for large values of which are almost a factor 2 below data 

for momentum transfers below 2 GeV^. However, our result indicates that 
the effect observed in is probably not due to the choice of the inter- 
polating field. In order to close the gap to aforementioned calculation, it is 
necessary to expand our approach from the real photon point to virtualities 
rangmg from to -IGeV^ This requires photon distribution amplitudes 
for virtual photons, see e.g. 

Moreover, it would be desirable to have more precise values for the non- 

perturbative input parameters appearing in the photon distribution ampli- 
tudes, since e.g. the parameters of twist 4 are only known up to 50%. 
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